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DETAILED ACTION 
Response to Amendment 

In view of Applicant's amendments to the claims, the rejections of claims 30, 31 , 
and 35 under 35 U.S.C. 112 second paragraph, as being indefinite, are withdrawn. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the,basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 22-35, 58, and 60-62 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Chiang et al. (U.S. Patent No. 5,739,579) in view of Moslehi et al. 
(U.S. Patent No. 6,016,000). 

In re claim 22, Chiang et al. disclose the method of forming a copper interconnect 
structure providing electrical connection for a semiconductor device (see column 5, lines 
25-31 , and column 12, line 64 through column 13, line 5), comprising the steps of; 

forming a first contact opening into a first insulating layer (350) formed over a 
semiconductor substrate (320); 

forming a conductive plug in the first contact opening (360, 361 ), wherein the 
conductive plug is in contact with said first insulating layer; 

forming a second insulating layer (391 ) over the conductive plug and said first 
insulating layer; 
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forming a second contact opening in the second insulating layer (391); 

forming a barrier layer (393) in the second contact opening; 

forming a copper conductor (394) over the barrier layer; and 

forming a top etch stop/heat radiating layer (392) on an entire upper surface 
portion of said copper conductor (394), said top heat-radiating layer passifying said 
upper surface portion of said copper conductor (see specifically column 15, lines 16-25, 
and column 20, lines 24-33, the method explained in detail with reference to the lower 
interconnect layer, the details given in column 12, line 53, through column 20, line 24). 

Chiang et al. does not disclose the method of forming the etching stop/heat- 
radiating passivation layer of aluminum nitride. Moslehi discloses the method of forming 
an etch stop/heat radiating passivation layer of aluminum nitride (see column 13, lines 
32-38, and lines 55-60). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to form the etch stop layer of aluminum nitride, since as Moslehi 
teaches AIN is an alternative choice to that of the silicon nitride etch stop layer formed in 
Chiang et al. Further, Moslehi teaches AIN has the advantage of high thermal 
conductivity (see column 12, lines 32-50, and column 14, lines 16-60). The examiner 
notes that the combined Chiang et al. and Moslehi teach that the silicon nitride or 
aluminum nitride is used as an etch stop layer, the heat-radiating effect of silicon nitride 
and aluminum nitride is an intrinsic material property (see Moslehi column 12, lines 32- 
50, and column 14, lines 48-60), and thus the aluminum nitride layer of Moslehi as 
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incorporated into Chiang et al. would have acted as both a etch stop layer and a heat 
radiating layer. 

In re claim 23, Chiang et al. also disclose the method of chemical mechanical 
polishing (CMPing) the copper layer and the barrier layer (see column 20, lines 1-3). 

In re claim 24, Chiang et al. does not disclose the method of cleaning the upper 
surface portion of the copper conductor prior to the formation of the aluminum nitride 
layer. Moslehi discloses the method of cleaning the upper surface portion of the copper 
conductor prior to the formation of the aluminum nitride layer (see column 12, lines 32- 
35). It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to clean the upper surface portion of the copper conductor prior to 
the formation of the aluminum nitride layer in order to remove contaminants from the 
surface. 

In re claim 25, the combined Chiang et al. and Moslehi disclose the method 
wherein the etch stop/heat radiating layer of aluminum nitride is formed to a thickness of 
approximately 300 angstroms (see Chiang et al. column 15, lines 15-25) 

In re claim 26 and 27, Moslehi discloses the method of forming the aluminum 
nitride layer by sputtering deposition (see column 13, lines 15-17, and column 14, lines 
45-46 for Moslehi definition of PVD). 

In re claim 28, Chiang discloses the method wherein the barrier layer is formed of 
a refractory metal compound being selected from the group consisting of refractory 
metal nitrides, refractory metal carbides, and refractory metal borides (see column 19, 
lines 4-10). 
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In re claim 29, Chiang et al. disclose the method of forming an interconnect 
structure providing electrical connection for a semiconductor device (see column 5, lines 
25-31 , and column 12, line 64 through column 13, line 5), comprising the steps of; 

forming a contact opening in an insulating layer (350) of said device; 

forming a first conductive plug (361) within said contact opening; and 

forming a etch stop/heat radiating layer (390) across an entire upper surface 
portion of said first conductive plug; and 

depositing a second conductive plug (393, 394) on said heat-radiating layer in 
contact with said first conductive plug (see specifically column 15, lines 16-25, and 
column 20, lines 24-33, the method explained in detail with reference to the lower 
interconnect layer, the details given in column 12, line 53, through column 20, line 24). 

Chiang et al. does not disclose the method of forming the etching stop/heat- 
radiating passivation layer of aluminum nitride. Moslehi discloses the method of forming 
an etch stop/heat radiating passivation layer of aluminum nitride (see column 13, lines 
32-38, and lines 55-60). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to form the etch stop layer of aluminum nitride, since as Moslehi 
teaches AIN is an alternative choice to that of the silicon nitride etch stop layer formed in 
Chiang et al. Further, Moslehi teaches AIN has the advantage of high thermal 
conductivity (see column 12, lines 32-50, and column 14, lines 16-60). The examiner 
notes that the combined Chiang et al. and Moslehi teach that the silicon nitride or 
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aluminum nitride is used as an etch stop layer, the heat-radiating effect of silicon nitride 
and aluminum nitride is an intrinsic material property (see Moslehi column 12, lines 32- 
50, and column 14, lines 48-60), and thus the aluminum nitride layer of Moslehi as 
incorporated into Chiang et al. would have acted as both a etch stop layer and a heat 
radiating layer. 

In re claim 30, Chiang et al. also disclose the method of forming a barrier layer 
(360) in said contact opening and before said step of depositing said first conductive 
plug. 

In re claim 31 , Chiang et al. does not disclose the method of cleaning the upper 
surface portion of the copper conductor prior to the formation of the aluminum nitride 
layer. Moslehi discloses the method of cleaning the upper surface portion of the copper 
conductor prior to the formation of the aluminum nitride layer (see column 12, lines 32- 
35). It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to clean the upper surface portion of the copper conductor prior to 
the formation of the aluminum nitride layer in order to remove contaminants from the 
surface. 

In re claim 32, the combined Chiang et al. and Moslehi disclose the method 
wherein the aluminum nitride is formed to a thickness of approximately 300 angstroms 
(see Chiang et al. column 15, lines 15-25) 
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In re claim 33 and 34, Moslehi discloses the method of forming the aluminum 
nitride layer by sputtering deposition (see column 13, lines 15-17, and column 14, lines 
45-46 for Moslehi definition of PVD). 

In re claim 35, Chiang discloses the method wherein said first conductive plug is 
selected form the group consisting of aluminum, gold, silver, tungsten and copper (see 
column 19, lines 4-20). 

In re claim 58, Chiang et al. disclose the method of forming a copper interconnect 
structure providing electrical connection for a semiconductor device (see column 5, lines 
25-31, and column 12, line 64 through column 13, line 5), comprising the steps of; 

forming a first contact opening into a first insulating layer (322) formed over a 
semiconductor substrate (320); 

forming a first conductive plug in the first contact opening (342); 

forming a second insulating layer (350) over the conductive plug and said first 
insulating layer; 

forming a second contact opening in the second insulating layer; 

forming a barrier layer (360) in the second contact opening; 

forming a second conductive plug (361) over the barrier layer; and 

forming a etch stop/heat radiating layer (390) across an entire upper surface 
portion of said second conductive plug (see specifically column 15, lines 16-25, and 
column 20, lines 24-33, the method explained in detail with reference to the lower 
interconnect layer, the details given in column 12, line 53, through column 20, line 24). 
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Chiang et al. does not disclose the method of forming the etching stop/heat- 
radiating passivation layer of aluminum nitride. Moslehi discloses the method of forming 
an etch stop/heat radiating passivation layer of aluminum nitride (see column 13, lines 
32-38, and lines 55-60). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to form the etch stop layer of aluminum nitride, since as Moslehi 
teaches AIN is an alternative choice to that of the silicon nitride etch stop layer formed in 
Chiang et al. Further, Moslehi teaches AIN has the advantage of high thermal 
conductivity (see column 12, lines 32-50, and column 14, lines 16-60). The examiner 
notes that the combined Chiang et al. and Moslehi teach that the silicon nitride or 
aluminum nitride is used as an etch stop layer, the heat-radiating effect of silicon nitride 
and aluminum nitride is an intrinsic material property (see Moslehi column 12, lines 32- . 
50, and column 14, lines 48-60), and thus the aluminum nitride layer of Moslehi as 
incorporated into Chiang et al. would have acted as both a etch stop layer and a heat 
radiating layer. 

In re claims 60-62, the combined Chiang et al. and Moslehi disclose the method 
wherein the etch stop/heat radiating layer of aluminum nitride is formed from 
approximately 100 angstroms to approximately 1000 angstroms thick (see Chiang et al. 
column 15, lines 15-25). 
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Response to Arguments 

Applicant's arguments filed January 12, 2005 have been fully considered but they 
are not persuasive. 

Applicant argues with respect to claim 22, that Chiang illustrates that the 
conductive plug (342) is surrounded by a barrier layer (340) and therefore, the 
conductive plug (342) is not in contact with the first insulating layer (322). The examiner 
notes that conductive plug (360, 361 ) is relied upon to show the conductive plug in 
contact with the first insulating layer (350). The examiner notes that the barrier layer 
(360) is a conductive metal layer, which can be considered part of the conductive plug 
(see column 19, lines 4-20). 

Applicant also argues that Chiang's etch-stop layer (392) is not formed across 
the entire upper surface of the copper conductor and refers to Figure 25. The examiner 
notes that etch stop layers 392 (for claim 22 and its dependents) and 390 (for claims 29 
and 58 and their dependents) are relied upon, and each etch stop layer is formed 
across the entire upper surface of the copper conductor layer, first conductive plug, or 
second conductive plug as claimed (see column 20, lines 34-47 and column 4-16). 
Chiang teaches forming it over the entire surface of the conductive layer and then 
subsequently etching. The examiner notes that Applicant's present claims do not 
preclude etching of the etch stop/heat radiation layer after deposition. 

Applicant also argues that the conductive plug 397 is not formed on heat- 
radiating layer 392. The examiner notes that the only claim that requires that the 
conductive plug to be on the heat-radiating layer is Claim 29. The examiner notes that 
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layers 393 and 394 are relied upon to show the second conductive plug formed on the 
heat radiating layer and in electrical contact with the first conductive plug. 

Applicant further argues Examiner's motivation for combining Chiang et al. and 
Moslehi. Applicants point out the differences between the two references, and state 
that the "only thing these two inventions share in common is the substrate on which they 
are formed" and that the "two references teach away from each other since on 
reference discloses the use of a plurality of via-barriers and the other reference 
discloses using only one via-barrier" without pointing to the claim limitations at hand. 
The examiner disagrees. In response to applicant's arguments against the references 
individually, one cannot show nonobviousness by attacking references individually 
where the rejections are based on combinations of references. See In re Keller, 642 
F.2d 413, 208 USPQ 871 (CCPA 1981); In re Merck & Co., 800 F.2d 1091, 231 
USPQ375(Fed. Cir. 1986). 

The examiner notes that Chiang et al. is relied upon to show the method of 
forming the interconnect layers with etch stop/heat radiating silicon nitride layers and 
Moslehi is relied upon to show that silicon nitride and aluminum nitride are 
interchangeable in the art of interconnects as etch stop/heat radiating layers. The 

s 

examiner notes that the motivation for combining has been clearly set forth in the 
rejections above and is as follows: 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to form the etch stop layer of aluminum nitride, since as Moslehi 
teaches AIN is an alternative choice to that of the silicon nitride etch stop layer formed in 
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Chiang et al. Further, Moslehi teaches AIN has the advantage of high thermal 
conductivity (see column 12, lines 32-50, and column 14, lines 16-60). The examiner 
notes that the combined Chiang et al. and Moslehi teach that the silicon nitride or 
aluminum nitride is used as an etch stop layer, the heat-radiating effect of silicon nitride 
and aluminum nitride is an intrinsic material property (see Moslehi column 12, lines 32- 
50, and column 14, lines 48-60), and thus the aluminum nitride layer of Moslehi as 
incorporated into Chiang et al. would have acted as both a etch stop layer and a heat 
radiating layer. 



Conclusion 

The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Tehrani et al. (U.S. Patent No. 5,861,328), Rosenblum et al. 
(U.S. Patent No. 5,567,523) and Kim et al. (U.S. Patent No. 5,270,263) disclose the 
use of AIN as an etch stop layer. 

Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
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mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Jennifer M. Kennedy whose telephone number is (571 ) 
272-1672. The examiner can normally be reached on Mon.-Fri. 9:30-6:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Michael S. Lebentritt can be reached on (571) 272-1873. The fax phone 
number for the organization where this application or proceeding is assigned is 703- 
872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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Patent Examiner 
Art Unit 2812 
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